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INTRODUCTION
Narcolepsy is a heterogenous disorder characterized by unstable sleep/wake regulation, excessive sleepiness, fragmented nocturnal sleep, and in some cases, REM-sleep intrusion into wakefulness (cataplexy, hypnogogic/hypnopompic hallucinations, and sleep paralysis 1 ). Nocturnal symptoms include short sleep onset latency, reduced sleep efficiency and quality, and increased state transitions. 2 When cataplexy is present, the disease is typically caused by the destruction of neuropeptide hypocretin neurons and is tightly linked to HLA DQB1*06:02 positivity. 3, 4 The prevalence of narcolepsy with and without cataplexy is rare (between 0.02% and 0.05% and approximately 0.2%, respectively 5, 6 ) and is associated with increased morbidity, reduced quality of life, and substantial medical costs. 7, 8 Narcolepsy without cataplexy is less well understood than narcolepsy with cataplexy and is often misdiagnosed as other sleep/wake conditions. 9 Until recently, the diagnosis of narcolepsy in the absence of cataplexy as per the International Classification of Sleep Disorders, Second Edition (ICSD-2) 9 has required a positive result on the (daytime) multiple sleep latency test (MSLT) with a mean sleep latency ≤ 8 minutes and ≥ 2 sleep onset REM periods (SOREMPs). However, mounting data has linked SOREMP on nocturnal polysomnography (PSG) to narcolepsy. This phenomenon was first quantified by Rechtschaffen and colleagues in 1963, when they found approximately 50% of narcoleptics had a PSG REM latency ≤ 10 minutes. 10 More recently, Andlauer and colleagues 11 found the prevalence of PSG SOREMP (defined as a REM latency ≤ 15 min) in patients with confirmed narcolepsy cases with cataplexy or hypocretin deficiency to range between 35.7% and 57.4%. These statistics are in stark contrast to the < 0.5% found in patients without narcolepsy. 6, 11 Moreover, data suggest that a PSG SOREMP is more specific (99.2% vs. 71.2%) and has a higher positive predictive value (92.1% vs. 75.0%) for confirmed narcolepsy cases with hypocretin deficiency than the MSLT. 11 These data have prompted a nosology change for the diagnosis of narcolepsy where International Classification of Sleep Disorders, Third Edition (ICSD-3) 12 allows for a SOREMP during PSG to count toward one of the ≥ 2 SOREMPs required on the subsequent MSLT. Even further, the DSM-5 suggests that a SOREMP during PSG is sufficient to confirm the diagnosis of narcolepsy without a series of MSLT naps. 13 Although data have shown that a PSG SOREMP is highly specific for confirmed narcolepsy with hypocretin deficiency, information on prevalence and clinical correlates in other populations, such as clinic and general populations, is limited due to the sheer rarity of the phenomenon (4 in every 1,000 people). 6, 11 A recent study by Goldbart and colleagues of the Wisconsin Sleep Cohort (n = 4,866) found the prevalence of SOREMP during PSG to be only modestly associated with the previous night's sleep duration, but suggested that adequate power was not achieved due to a small sample size. 6 This study had two objectives (1) to quantify the prevalence, sensitivity, and specificity of PSG SOREMP (defined as a REM latency ≤ 15 min) for narcolepsy in those being evaluated for hypersomnolence via a consecutive MSLT, and (2) to quantify the prevalence and predictors of SOREMP on baseline diagnostic PSG in a large clinical sample of patients being tested for a variety of sleep disorders.
METHODS

Sample Selection
Patient records of nocturnal PSGs completed between 2007 and 2013 were retrieved from SleepMed's repository of scored and physician interpreted records. Patients with a consecutive MSLT 14 will hereafter be referred to as the "suspected hypersomnia group" to distinguish from the "general clinic sample," who were patients being evaluated for a wide range of sleep disorders (without a consecutive MSLT). If a patient had a repeat PSG and/or positive airway pressure (PAP) titration (12.3% of the sample), the earlier of the 2 (or more) PSGs was chosen for analysis to avoid multiple observations. For the purposes of this study, we excluded pediatric records (age < 18), as SOREMPs can be found in healthy infants and adolescents 15 and may not represent sleep pathology, per se. Data were originally acquired using a variety of native (to the sleep center) sleep systems across the United States and were converted to European data format 16 to allow for signal processing (see signal processing below) in a format that is independent of the acquisition system. The study protocol was approved by Schulman Associates IRB for the protection of human subjects.
Signal Processing
Raw sleep study data were processed using Morpheus, a technologist-edited automated signal processing software. The Morpheus system analyzes all biological signals acquired during a sleep study including electroencephalogram (EEG), electrooculogram (EOG), electromyogram (EMG), electrocardiogram (ECG), pressure and thermal airflow, thoracoabdominal movement, pulse oximetry, body position, and snoring. Morpheus decomposes EEG data into a 4-frequency state model (high frequency, low-frequency, and mixed frequency [low or high energy]) using adaptive segmentation with fuzzy clustering and feature extraction. 17 Membership in the highfrequency domain is typical when the person is awake, whereas low-frequency typically occurs during N3. High energy mixed frequency is typical during N2 sleep. Low energy mixed frequency in the presence of relatively high EMG is scored as N1 whereas it is scored as REM if EMG tone is low. The EEG sleep stage scoring algorithm has shown good agreement compared to manual scoring of sleep staging (κ = 0.61-0.67) and fair agreement for REM (intraclass correlation coefficient; ICC = 0.72-0.76). 17 However, because Morpheus, like other autoscoring techniques, 18 has demonstrated difficulty when detecting REM onset latency (ICC = 0.43-0.46), 17 technologists are instructed to verify the timing of the first REM period for each study as per standard.
Nocturnal sleep onset was defined as the first of 3 consecutive epochs of N1 or the first of any other stage of sleep. Diurnal sleep onset (MSLT) was defined as the first of any epoch of sleep. 14 Latency to REM sleep was defined as the duration from sleep onset to the first epoch of REM. Respiratory events and limb movements were also autoscored using Morpheus and technologist edited as per a standard protocol. 17 The apnea hypopnea index (AHI) was calculated as the average number of apneas and hypopneas (4% desaturation) per hour of sleep. The respiratory disturbance index (RDI) was calculated as the average number of apneas, hypopneas (4%), and RERAs (reduction in flow that terminated in an arousal or a 3% desaturation) per hour of sleep.
Statistical Analyses
Analyses were performed using SPSS 16.0 (SPSS Inc., Chicago, IL). Descriptive analyses were completed to analyze the shape, central tendency, and dispersion of all variables. Differences in continuous variables between SOREMP and No-SOREMP groups were analyzed using univariate analysis of variance (ANOVA) with eta squared (η 2 ) to estimate effect size. Differences in categorical variables were analyzed using χ 2 analysis with phi coefficient (Φ) to estimate effect size. Variables that reached statistical significance (P < 0.05) in univariate analyses were further analyzed using an adjusted logistic regression analysis with Nagelkerke R 2 to evaluate effect size. Sensitivity was defined as how often a PSG SOREMP indicated narcolepsy when the disease was truly present (calculated as TP × 100 / TP + FN), whereas specificity referred to how often a normal REM onset latency was observed when narcolepsy was indeed not present (calculated as TN × 100 / TN + FP). Positive predictive value was defined as the probability of having narcolepsy when PSG SOREMPs were present (calculated as TP × 100 / TP + FP) and negative predictive value referred to the probability of not having narcolepsy when a normal REM onset latency (> 15 min) was observed (calculated as TP × 100 / TP + FP).
RESULTS
Sample Differences and Confounders of PSG SOREMP
As Table 1 illustrates, patients in the suspected hypersomnia group (n = 3,059) were younger and leaner (BMI) compared to the general sleep clinic sample. The suspected hypersomnia sample was also comprised of mostly females, where there was a more even sex distribution in the general clinic sample. Also, not surprisingly, patients in the suspected hypersomnia group were less likely to have an indication of OSA or PLM. These sample differences should be kept in mind when interpreting the results as adjustment for age, sex, and BMI was not possible due to the nature of the datasets.
The prevalence of a PSG SOREMP was much higher in those who worked nights and/or shift work compared to those who worked during the day. This finding was consistent for both the suspected hypersomnia sample (7.5% vs. 1.7%; OR: 4.4 [95% CI: 1.6-11.8]; χ 2 (8, 3,520) = 32.8, P < 0.001) and the general clinic sample (2.1% vs. 0.9%; OR: 2.0 [95% CI: 1.6-2.7]; χ 2 (1, 156,654) = 28.5, P < 0.001). Likewise, the prevalence of a PSG SOREMP was higher in patients undergoing a PAP titration in the general clinic sample (1.2% vs. 0.8%; OR: 1.3 [95% CI: 1.2-1.5]; χ 2 (8, 156,654) = 19.7, P < 0.001). Based on these findings, patients with any of the above were excluded from final analyses to reduce confounding.
Objective 1: To quantify the prevalence, sensitivity, and specificity of PSG SOREMP (≤ 15 min) for narcolepsy
Overall, the prevalence of PSG SOREMP for those undergoing an MSLT the following morning was 1.8% (n = 54) and increased proportionally with the number of REM onsets on a consecutive MSLT (from < 0.5% for no MSLT REM to > 33.0% for those with 5 MSLT REMs; Figure 1 ). Of 54 patients with a PSG SOREMP, final diagnosis was available for only 48 Compared to those with a normal REM latency, those with a PSG SOREMP were older, sleepier (as assessed by the ESS and sleep onset latency), had more indications of disturbed sleep (subjective and objective), and were more likely to have moderate to severe OSA (Table 2) . Curiously, however, patients with a PSG SOREMP were not more likely to report some of the associated features of narcolepsy, including hypnogogic hallucinations, sleep paralysis, and increased WASO. The most robust predictor of a PSG SOREMP was African American race. Compared to Caucasians, African Americans were over 4 times as likely to have a PSG SOREMP, controlling for other significant variables in the model (Table 3 ). In addition to race, age and arousal index also explained unique variance, but effect sizes were generally small. In sum, age, race, and arousal index explained 12.0% of the variance in PSG SOREMP.
Objective 2: To quantify the prevalence and predictors of SOREMPs on baseline diagnostic PSG in patients being evaluated for a variety of sleep disorders
On average, REM occurred 145.1 ± 84.5 min after sleep onset with the bulk of patients having REM between 60 and 90 min after sleep onset ( Figure 2 ). The prevalence of PSG SOREMP in this sample was 0.8% (Table 1 ). Similar to those in the suspected hypersomnia sample, those with a PSG SOREMP in the general clinic sample were sleepier (as assessed by the Epworth Sleepiness Scale) and had an elevated arousal index (Table 2) . Additionally, in this sample, patients with a PSG SOREMP were also more likely to report regular weekday napping and sleep paralysis compared to those with a normal REM onset latency. Similar to the suspected hypersomnia group, the most robust predictor of a PSG SOREMP was African American race. Compared to Caucasians, African Americans were 2.8 times more likely have a PSG SOREMP, controlling for other significant variables in the model (Table 3) . Also, in this sample, male sex, napping, WASO, and OSA accounted for unique variance; however, total variance explained was small at 5%.
DISCUSSION
A short onset REM latency, defined as 15 minutes or less, occurs rarely in general sleep clinic samples (< 1.0%), but is highly specific for narcolepsy, supporting previous data by Andlauer and colleagues. 11 Although rare, the prevalence of the phenomenon is much higher than the estimated prevalence of narcolepsy and may provide a critical opportunity for practitioners to identify narcolepsy in sleep clinic patients. These data also suggest that the utility of PSG SOREMPs for the diagnosis of narcolepsy may be altered by a history of shift/ night work and/or other factors that may allow for a rebound of REM sleep (e.g., undergoing a PAP titration). It has been well established that those working shifts have an increased false positive rate on the MSLT 6, 19 and is intuitive, as shift/ night workers are generally chronically sleep restricted due to circadian misalignment and irregular work vs. non-work sleep schedules. This supports published guidelines that other sleep disorders and insufficient and/or poorly timed sleep should be ruled out or adequately controlled for prior to conducting a sleep study. 14 For patients being evaluated for suspected hypersomnia, the specificity of a PSG SOREMP for narcolepsy was very high at 99.5%. This statistic is almost identical to that found in a sample of 516 patients with confirmed narcolepsy (99.2%). 11 These findings, coupled with the discovery that the prevalence of PSG SOREMPs increased in proportion to the frequency of REM onsets on a consecutive MSLT and that adjusted predictive models only explained a small amount of variance in PSG SOREMP (i.e., something else appeared to be explaining the phenomenon), support the salience of PSG SOREMP in the detection of narcolepsy. Further, the rate of false positives was low at 0.7%, suggesting that it is unlikely for a patient with a PSG SOREMP not to be diagnosed with narcolepsy. The sensitivity of PSG SOREMP for narcolepsy, however, is very low, suggesting that patients with narcolepsy often have a normal latency to REM; i.e. ≥ 93% of narcolepsy cases would be "missed" if using only PSG SOREMPs as a diagnostic indicator. It is important to note, however, that the sensitivity of a PSG SOREMP in our sample (6.7%) was much lower than that found in Andlauer Interestingly, some but not all characteristics of narcolepsy were present in patients with a PSG SOREMP, including some indications of disturbed nocturnal sleep (shortened sleep onset, increased WASO, and reduced sleep efficiency). These findings are curious as narcolepsy has been characterized by an incomplete sleep-wake switch resulting in rapid state transitions and poor sleep continuity. 2 These data warrant further exploration, but may be due to a variety of reasons like the scoring method used for these data, sample heterogeneity, sample comparator, and statistical power. Generally speaking, all comparisons were in the "expected direction," but failed to reach statistical significance. This could be because the PSG SOREMP sample was comprised of a heterogeneous mix of patients with narcolepsy with and without cataplexy, hypersomnolence, and other sleep/wake and health conditions. Likewise, statistical comparisons were made to patients with varying degrees of sleep/wake and medical conditions including sleep apnea and other sleep related breathing disorders, which can also interrupt sleep continuity. Lastly, it is also possible that our autoscoring technique was not sensitive enough to detect frequent stage shifts. Other clinical indicators that failed to yield consistent predictive results included symptoms of hypnogogic hallucinations and sleep paralysis. This may be due to a variety of reasons, including those cited above, as well as measure-related limitations including how the questions assessed such symptoms and/or how the question was dichotomized ("at least sometimes"). It is also important to note that although hypnogogic hallucinations and sleep paralysis are associated features of narcolepsy, they do not occur in all patients with narcolepsy. In fact, hypnogogic hallucinations have been estimated to occur in only 28% of patients with narcolepsy without cataplexy. 20 Special attention should be given to the profound racial differences in the prevalence of PSG SOREMPs. Controlling for other factors that were shown to influence SOREMPs, African Americans in both samples were approximately 3 to 4 times more likely to have a PSG SOREMP than their Caucasian counterparts. Ultimately, these differences require further investigation as there may be racial differences in narcolepsy [21] [22] [23] and could offer an important opportunity for narcolepsy to be diagnosed where it may have otherwise gone undetected. For example, data have suggested that African Americans with narcolepsy are generally less likely to present with cataplexy and may be more likely to present with "atypical" cataplexy symptoms (i.e., cataplexy in response to negative as opposed to positive emotions) despite being at a 20-fold higher risk for low CSF hypocretin than Caucasians. 24, 25 However, our findings could also be due to other confounding variables not assessed in this study, such as differences in sleep timing and/or habitual sleep duration. 6, 24 For example, a large national sample of 29,818 adults suggested that African Americans were at a 35% increased risk for "extreme" sleep durations-both short (≤ 5 h) and long (≥ 9 h). 24 Similar racial differences have even been found in young children. 26 All conclusions should be made in consideration of the study's limitations. A main limitation included not having access to information on cataplexy (the best clinical indicator of hypocretin deficiency), with the exception of that which was available in the final diagnosis. Second, another significant limitation was that data on habitual sleep duration was not available. It is well known that inadequate and/or poorly timed sleep can increase the likelihood of premature REM onsets, both during diurnal sleep 27 and nocturnally. 6 For example, according to a study by Golbart and colleagues, every hour decrease in sleep the night prior was associated with a 34% increase in odds of having a nocturnal SOREMP. 6 Also, it is important to note that because very little variance was accounted for by adjusted analyses suggests that "something else" was driving the phenotype. Of course, this could be the true pathology of narcolepsy or it could be other variables, like habitual sleep duration/ timing, medication, and/or other unknown factors. Narcolepsy is often comorbid with several health and psychiatric conditions, 28 and medications for the aforementioned conditions often have REM-suppressing and/or other sleep architecture altering effects. 29, 30 Also, it is possible that some of these patients were using wake promoting therapeutics or stimulants, which can alter sleep architecture. Lastly, there were limitations associated with our scoring of sleep data. Because these data were processed using a human-edited autoscoring technique, it is not impossible that a sleep onset REM period, especially if it is brief and in the absence of atonia (which is not uncommon for patients with narcolepsy 31 ), may have been missed altogether. These data support the importance of clinical correlation and patient follow-up with a practitioner trained in sleep medicine for patients being evaluated for all sleep disorders, especially hypersomnolence and narcolepsy.
